SUSPENSION LINER WITH SEAL 



Background of the Invention 

a. Field of the Invention 

This invention relates to suspension liner sleeves adapted to provide 
an interface between a residual limb and a prosthetic socket. 

b. Discussion of Related Art 

Suspension liner sleeves adapted to provide a soft, flexible interface 
between a residual limb of an amputee and a hard socket to which a 
prosthetic device is secured is known in the art generally, as exemplified by 
U.S. Patent No. 4,923,474 granted May 8. 1990 to Klasson and Kristinsson. 
Such liner sleeves are typically made of an air impermeable elastomer 
material such as silicone and may include a reinforcement layer intermediate 
the inner and outer surfaces of the liner sleeve body portion or extemally 
thereof to provide resistance against axial elongation of the elastomer 
constituting the liner sleeve body. Such reinforcement typically does not 
restrict radial distension or stretching of the liner sleeve body. 

In accordance with prior art teachings, such liner sleeves, sometimes 
called suspension sleeves, may function to secure the residual limb within 
the prosthetic socket member once the residual limb and sleeve are inserted 
into the socket in close-fitting relationship by isolating the distal end area of 
the hard socket from the atmosphere. Upon application of a pulling force on 
the liner sleeve relative to the socket, a suction is created in the distal end of 
the socket tending to retain the liner sleeve within the socket. Appropriate 
devices are usually provided to enable expulsion of air between the distal 
end of the liner sleeve and the hard socket and to isolate the distal end of 
the hard socket member from the atmosphere after the liner sleeve with a 
residual limb has been fully inserted within the socket member. 

In some applications, the liner sleeve is provided with an "umbrella" at 
its distal end and a threaded socket for receiving a prosthetic securing pin 
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member which then extends through an axial opening in the distal end of the 
hard socket member for securing the socket member relative to a prosthetic 
device mounted to the distal end of the socket member. 

In other applications, the prosthetic device is secured to the exterior 
of the distal end of the hard socket member and the sleeve member is fully 
contained within the hard socket member. 

The elastomer constituting the liner sleeve member frictionally 
engages and remains attached to the skin of a residual limb so that the limb 
is retained within the hard socket member in a comfortable, non-irritating 
manner. The liner sleeve may be thickened to provide cushioning effect 
between the residual limb and the hard socket, which is typically custom 
made to closely fit the residual limb. Liner sleeves of this kind are used for 
both trans-tibia! (TT) amputees as well as trans-femoral (TF) amputees. 
That is, the liner sleeves may be utilized for applications above the knee or 
below the knee of the ambutee. 

In other applications, it may be desired to more positively secure the 
liner sleeve within the socket by creating a hypobaric (vacuum) pressure 
within the distal end of the hard socket between such distal end and the 
distal end of a liner sleeve inserted into the socket with a residual limb 
contained within the liner sleeve. The hypobaric pressure may be 
maintained at the distal end of the hard socket and the interior of the socket 
at its distal end will be isolated from atmosphere during normal retention of 
the sleeve liner within the socket. Opening the distal end of the socket to 
atmosphere releases the vacuum or hypobaric pressure within the socket to 
enable simple withdrawal of a residual limb with a liner sleeve thereon from 
the socket. 

A pump or other device may be utilized to evacuate the distal end of 
the socket between the distal end of a liner sleeve and the distal end of a 
socket. A valve or other appropriate device typically is used to open and 
close the distal end of a socket to surrounding atmosphere. 

Various arrangements are known in the prior art for providing an 
appropriate seal between the exterior of the liner sleeve and the interior of 
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the hard socket including external air impermeable sleeves covering the 
Interface area between the proximal end of the hard socket and the adjacent 
liner sleeve body. 

In trans-femoral applications, the sealing between a liner sleeve and a 
socket is generally simpler and easier to execute than sealing a trans-tibial 
liner sleeve against the inner surface of a socket because in the latter 
situation, the residual limb contains more bony protuberances and irregular 
shapes that are difficult to effectively seal, particularly if it is desired to simply 
use the material of the elastomeric liner sleeve as the sealing element. 

It is an objective of this invention to create a convenient, improved 
sealing arrangement between an elastomeric liner sleeve and the interior of 
a prosthetic socket having advantages for trans-tibial liner sleeves. 

Brief Summary of the Invention 

In accordance with the present invention, an elastomeric liner sleeve 
having an elongate, generally conical, air impermeable body portion that is 
typically freely radially elastically distensible from a relaxed non-extended 
condition and including proximal and distal end areas is provided with a 
resilient seal element protruding radially from a liner sleeve body portion 
between its proximal and distal end areas, such resilient seal element 
extending around an entire peripheral portion of the liner sleeve body 
portion. 

In one embodiment, the resilient seal element may be integrally 
formed in one piece with the liner sleeve body portion and is located closer 
to its distal end than its proximal end. Alternatively, the seal also may be 
formed separately from the liner sleeve body portion, and it may be 
constituted of an assembly of elements or an element that is securely 
attached to the exterior of the liner sleeve body portion. The seal may be 
located at appropriate other locations along the liner sleeve length, and may 
include multiple sealing surfaces. 

The liner sleeve may include a reinforcement material associated with 
the liner sleeve body portion that extends over a length that coincides at 
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least with the location of the resilient seal element and which extends 
longitudinally along the liner sleeve body portion in the area of the seal 
element, including above and below the seal element. The reinforcement 
material is designed to provide greater elastic stiffness along the axial 
direction of the liner sleeve body portion as compared with the radial 
direction thereof. The reinforcement material thus serves to distribute 
tension loads imposed on the distal end area of the liner sleeve body portion 
over the axial length thereof where the reinforcement material is provided. 

The liner sleeve may include a recessed portion extending 
continuously around a peripheral portion of the liner sleeve body portion 
whereat the seal element may be secured. The recessed portion is 
configured to accommodate compression of the seal element. The 
reinforcement material in this embodiment may be positioned above or at the 
seal element and extend substantially towards and around a distal end area 
of the liner sleeve so as to reinforce the distal end area of the liner sleeve. 

In use. a residual limb is placed within the liner sleeve body portion 
according to the invention and both the residual limb and the liner sleeve 
body portion are inserted within a hard socket of a prosthetic system so that 
the peripheral seal element engages an inner wall of the hard socket to 
isolate the distal end area of the hard socket from surrounding atmosphere. 
Creation of a hypobaric pressure within the distal end area of the hard 
socket or simple evacuation or venting of air between the distal end area of 
the liner sleeve body portion and the distal end of the hard socket followed 
by sealing off the area between the liner sleeve body portion and the internal 
distal end of the socket serves to effectively retain the liner sleeve within the 
socket of the prosthetic system, with the seal effectively isolating the distal 
end of the hard socket externally of the liner sleeve from atmosphere. 

Whether a hypobaric pressure is created within the distal end area of 
the hard socket or if the distal end is merely isolated from atmosphere, 
withdrawal of the liner sleeve body portion and the residual limb contained 
therein will be resisted strongly by the creation of or maintenance of a 
suction between the distal end of the liner sleeve body portion and the 
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interior distal end area of the hard socket when a pulling force tending to 
extricate the liner sleeve body portion from the prosthetic socket is applied. 

The suction may be released between the hard socket and the liner 
sleeve simply by exposing the interior distal end area of the hard socket to 
atmosphere. 

The seal element serves to provide a positive sealing effect by its 
resilient compression between the inner wall of the hard socket and the liner 
sleeve body portion due to the radial force of the residual limb within the liner 
sleeve body portion. The peripherally extending seal takes up irregularities 
between the exterior of the liner sleeve and the interior of the socket 
irrespective of bony protuberances, irregularities and non-cylindrical forms of 
the residual limb. Because the socket is already configured to closely 
approximate the exterior shape of the residual limb, the seal simply follows 
the contour of the inner surface of the socket to isolate the distal end of the 
socket from atmosphere when the liner sleeve is inserted into the socket. 

Brief Description of the Drawings 

With reference to the appended drawings. 

Fig. 1 is a vertical sectional view of a prosthesis system including a 
hard socket, an elastomer liner sleeve having a reinforcement material 
embedded in the liner sleeve body portion and further including a peripheral 
seal element integrated with the elastomer liner sleeve; 

Fig. 2 is a detail corresponding to detail A in Fig. 1 ; and 

Fig. 3 is a sectional view taken along line Ill-Ill in Fig. 1. 

Figs. 4-10 are vertical sectional views of a prosthesis system 
corresponding to Fig. 1 wherein alternate forms of peripheral seal elements 
are illustrated; 

Figs. 11-16 correspond respectively with sections B, C, D, E, F, and 
G of Figs. 4, 6, 7, 8, 9 and 10; 

Fig. 17 is a vertical sectional view of an alternate form of an elastomer 
liner sleeve including a reinforcement material embedded In the liner sleeve 
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body portion and a peripheral seal element secured to the elastomer liner 
sleeve in a recessed portion of the elastomer liner sleeve; 
Fig. 18 corresponds to detail H in Fig. 17; 

Fig. 19 is a vertical sectional view of an alternate prosthesis system 
including the liner sleeve of Fig. 17; 

Fig. 20 corresponds to detail I in Fig. 19; and 

Figs. 21-35 are vertical sectional views of alternate forms of the 
peripheral seal element illustrated in Fig. 17. 

Detailed Description of Preferred Embodiment of the Invention 

With reference to Fig. 1, an elastomer liner sleeve body portion 1, for 
example made of silicone, is formed as an elongate, generally conical 
member as is well known in the art and as is further described in U.S. Patent 
No. 4,923,474, the entirety of which is incorporated herein by reference. 

The liner sleeve body portion may be formed of various elastomer 
materials that are known to those skilled in the art and that are typically used 
for the manufacture of prosthetic liner sleeves. 

The liner sleeve extends between a proximal end 2 and a distal end 
area 3. The liner sleeve body portion is soft and at least radially distensible 
elastically. The liner sleeve also may be elastically distensible axially or may 
have limited axial elasticity or at least a greater elastic stiffness (resistance 
to distension) in an axial sense as compared with its radial elasticity, but 
such anisotropy is optional. 

If it is desired to increase the axial stiffness of the liner sleeve body 
portion 1 , a reinforcement material 4 is integrated into the elastomer of the 
liner sleeve body portion, for example in the manner described in U.S. 
Patent No. 4,923,474. Various reinforcement materials may be utilized to 
limit axial distension of the liner sleeve body portion and typically a material 
that is axially stiff but radially compliant is preferred. Thus, the combination 
of the elastomer material constituting the liner sleeve body portion and the 
reinforcement body material results in a liner sleeve that resists elongation in 
the axial direction in the event that tension is applied to the liner sleeve 
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material while the sleeve is fully radially compliant elastically so as not to 
unduly compress a residual limb contained within the liner sleeve or restrict 
its ability to fill the hard socket member. The reinforcement material 4 
alternatively may be located externally of the elastomer, such as a textile 
cover on the elastomer liner sleeve body, for example. 

The liner sleeve 1 is typically donned on a residual limb and the limb 
and sleeve are then inserted into the prosthetic socket 5 which is typically 
rigid or hard in order to carry loads transferred from a prosthetic device 
attached to the socket to the residual limb and vice-versa. 

The softer elastomer of the liner sleeve body portion adheres to the 
skin of a residual limb frictionally to thereby secure the limb within the 
sleeve. The liner sleeve, on the other hand, remains contained within the 
hard socket 5 after it has been fully inserted to the distal end area of the 
hard socket by effectively isolating the interior of the hard socket 5 from 
atmosphere. 

Any pulling forces applied to the liner sleeve will result in a suction 
being created between the distal end of the liner sleeve and the interior of 
the hard socket at its distal end area. The increased stiffness in an axial 
sense created by the reinforcement material minimizes pumping action on 
the residual limb and creates a stiffer interface between the residual limb 
and the liner sleeve in the area occupied by the reinforcement material. 

In accordance with the embodiment illustrated in Fig. 1, the 
reinforcement material 4 extends over a limited distal end area of the liner 
sleeve, but could extend fully around the distal end area of the liner sleeve, if 
desired, as shown, for example. In Patent No. U.S. 4,923.474, and up to the 
proximal end 2 of the liner sleeve. 

To further enhance isolation of the distal end area of the hard socket 
from atmosphere, a seal element 6 associated wit!} the liner sleeve is 
provided. The seal element 6 could be formed of the same silicone material 
as the liner sleeve body portion 1 and created integrally in one piece with the 
liner sleeve body portion 1 during molding or forming of the liner sleeve body 
portion 1 , or, alternatively, could be formed separately of a softer or stiffer 
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material or a material more suitable for a seal than the material forming the 
liner sleeve body portion, and then secured to the liner sleeve. 

The seal element 6 may be tapered outwardly from its distal end 
towards its proximal end to facilitate insertion of the liner sleeve body portion 
1 into the hard socket 5 and tends to resist outward movement of the liner 
sleeve from the hard socket. Also, the form of seal element 6 preferably 
provides an increased sealing force between the liner sleeve 1 and the hard 
socket 5 when the liner sleeve 1 is moved in a direction tending to withdraw 
it from the hard socket, or in other words, the seal element 6 seals more 
effectively in a direction towards the liner sleeve distal end when subjected 
to a pressure differential where a lower pressure exists towards the distal 
side of the seal as compared to the proximal side thereof. 

If desired, the seal element 6 could be formed as a separate element 
or assembly of elements attached to or otherwise secured to the liner sleeve 
body portion 1 , as will be described below. It will be apparent that any 
manufacturing technique known to those skilled in the art could be utilized to 
create an enlarged seal element 6 surrounding the peripheral area of the 
liner sleeve body portion 1 at an area thereof between the proximal and 
distal end areas 2, 3 of the liner sleeve body portion 1 so that, upon insertion 
of the liner sleeve body portion went into a hard socket 5, the seal 6 isolates 
the distal end area of the interior of the hard socket 5 from atmosphere 
between the seal 6 and the distal end area of the hard socket 5. While a 
single seal element may be utilized in accordance with the present invention, 
a plurality of seal rings 6 secured to the liner sleeve could be utilized to 
provide enhanced sealing effect, as will be described below. 

When the liner sleeve body portion 1 is fully inserted into the socket 5, 
the seal 6 fully isolates the interior of the socket distal end area from 
atmosphere until communication is provided between the interior of the 
socket distal end and atmosphere. 

To permit purging of air from the distal end of the socket 5 while the 
liner sleeve body portion 1 and its associated seal 6 are inserted into the 
socket, an appropriate one way valve element 7 may be provided, on a valve 
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capable of opening and closing manually may be used to isolate the interior 
of the distal end of the socket 5 from atmosphere. 

It will be apparent that, when the liner sleeve body portion 1 is fully 
inserted into the socket 5 with the seal 6 isolating the distal end area of the 
socket 5 from atmosphere, all pulling loads tending to withdraw the liner 
sleeve from the socket will result in a suction being created between the 
distal end area of the liner sleeve 1 and the distal end of the socket 5. The 
seal 6 further enhances and maintains the suction between the liner sleeve 
body portion 1 and the socket 5. The presence of the reinforcement material 
in the vicinity of the seal 6 further enhances the function of the seal element 
6 in maintaining the distal end area of the socket 5 isolated from atmosphere 
when the residual limb and its associated liner sleeve body portion 1 have 
been fully inserted into the socket due to better distribution of loads between 
the socket 5, the liner sleeve body portion, and a residual limb. 

If desired, a hypobaric pressure could be created between the distal 
end area of the liner sleeve body portion 1 and the distal end of the socket 5 
by attaching a pump or other device that enables evacuation of atmosphere 
between the seal 6 and the distal end of the socket 5. 

With reference to Figs. 4-16, various alternative preferred forms of 
liner sleeve body portions, seal elements and hard socket interior 
configurations are illustrated by way of example. 

In Fig. 4, liner sleeve body portion 8 comprising an air-impermeable 
elastomeric material such as silicone is provided with a peripheral seal 
element 9 shown in more detail in Fig. 1 1 . The seal element 9 is formed as 
a separate element from the liner sleeve body portion 8 and is securely 
attached thereto by appropriate bonding techniques that may include 
adhesive, heat seal, etc. In this instance, the hard socket 5a is provided with 
a slightly stepped portion 10 that enhances cooperation between the interior 
of the hard socket 5a and the seal element 9. The stepped portion 10 is not 
required but is optional. In this example, the seal element 9 includes a 
cantilevered end portion facing towards the proximal side of the liner sleeve 
body portion 8 to thereby enhance the ability of the seal element 9 to freely 
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flex when a pressure differential exists on either side of the seal element 9. 
It will be apparent that when a higher pressure exists on the proximal side of 
the seal element 9 as compared with the distal side thereof, the seal element 
9 will tend to expand outwardly against the interior surface of the hard socket 
5a and a radial sealing force exerted by the seal vyill increase 
commensurately with the pressure differential. On the other hand, the 
properties of the seal and the interior wall of the hard socket 5a are such that 
the amputee may readily withdraw the liner sleeve body portion 8 from the 
hard socket 5a upon gentle pulling of the liner sleeve away from the hard 
socket, optionally while opening valve 7 to expose the isolated region 1 1 
between the distal portion of the liner sleeve body portion 8 and the distal 
end area of the hard socket 5a to atmosphere. 

In Fig. 5, liner sleeve body portion 12 is provided with multiple, axially 
spaced seal elements 9a corresponding to seal element 9 in Fig. 4. This 
provides enhanced sealing between the liner sleeve body portion 12 and the 
interior of the hard socket 5b due to the multiple sealing surfaces provided 
and furthermore provides additional spaces 11a that are isolated from 
atmosphere to thereby enhance the suction effect between the liner sleeve 
body portion 12 and the hard socket 5b. The stepped portion 10a of the 
hard socket interior wall is located at a more distal region of the hard socket 
as compared with the stepped portion 10 in Fig. 4. 

In Fig. 6, liner sleeve body portion 13 is provided with a single 
peripherally extending seal element 14 located towards the distal region of 
the liner sleeve body portion 13. The seal element 14 Is formed separately 
from the liner sleeve body portion 13 and is secured thereto in the manner 
described above with respect to seal element 9 in Fig. 4. In accordance with 
this example, a reinforcement material 4 as described above in the example 
shown in Fig. 1 is provided to limit axial distension of the liner sleeve body 
portion 13, the reinforcement material being located in the vicinity of the seal 
element 14 and extending in a proximal direction relative thereto within the 
liner sleeve body portion 13. The seal element 14 and its relationship with 
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the hard socket 5c in this example, the liner sleeve body portion 13 and the 
reinforcement material 4 are shown in more detail in Fig. 12. 

In Fig. 7, liner sleeve body portion 15 is provided with a seal assembly 
16 which is shown in more detail in Fig. 13. In this example, the sleeve 
element 16 may be formed as a strip of material having radially bendable 
flaps constituting seal surfaces that, when exposed to differential pressure, 
will bend radially outwardly to engage the interior of the hard socket 5, which 
may correspond in shape to the hard socket 5 illustrated in Fig. 1. The seal 
element 16 may be secured to the liner sleeve body portion 15 by bonding, 
heat sealing, or any other appropriate bonding technique that will be readily 
apparent to a person skilled in the art. 

In Fig. 8, liner sleeve body portion 17 is provided with a peripheral 
seal element 16 which is similar to the seal element described in Fig. 13, and 
a reinforcement material 4 is provided in the liner sleeve body portion 17 in a 
manner corresponding to that described previously with regard to Fig. 6. 

In Fig. 9, liner sleeve body portion 18 is provided with an integral 
peripherally extending seal element 19 that is shown in more detail in Fig. 
15. The seal element 19 is integrally formed in one piece with the liner 
sleeve body portion 18 and comprises multiple sealing surfaces inclined 
radially outwardly and upwardly as shown in Fig. 15. Each radially outwardly 
extending element includes a sealing surface that engages the interior wall 
of the hard socket 5 in a manner similar to that described previously in 
connection with the seal elements 9, 9a, 15 and 16. That is, the form of the 
seal tends to increase sealing forces when the seal element is exposed to a 
pressure differential between the proximal and distal sides of the seal 
element, with the higher pressure existing towards the proximal end of the 
seal element. In this embodiment, a reinforcement material 4 is provided in 
the liner sleeve body portion 18 in the vicinity of the peripheral seal 19 and 
extending proximally relative thereto. 

In Fig. 10, liner sleeve body portion 20 is provided with a peripheral 
seal 21 corresponding to seal 19 described above in connection with Fig. 9. 
A reinforcement material is not provided in this example. The interior of the 
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hard socket 5 is not provided with a stepped portion in this example, 
although a stepped portion corresponding to the stepped portion 10 could be 
provided at the distal end area of the seal 21 when the liner sleeve body 
portion 20 is fully inserted in the hard socket 5 if desired. 

With reference to Figs. 17-20. an alternative preferred form of a liner 
sleeve and seal element is illustrated. 

In Fig. 17, liner sleeve body portion 22 having a proximal end 24 and 
a distal end area 26 is provided with a recessed portion 28 and a peripheral 
seal element 30 radially protruding from the recessed portion 28. The 
recessed portion 28 extends continuously around a peripheral portion of the 
liner sleeve body portion 22 between the proximal and distal end areas 24, 
26. The recessed portion 28 of the liner sleeve body portion 22 is configured 
with a length, width and depth to accommodate compression of the seal 
element 30. The liner sleeve body portion 22 may include a reinforcement 
material 32 that extends substantially around the distal area 26 of the liner 
sleeve body portion 22 and preferably extends at least to the seal element 
30. The placement of the reinforcement material 32 is not limited to the 
distal end area of the liner sleeve body portion, and may extend upwardly to 
the proximal end 24 of the liner sleeve body portion 22. 

As illustrated in Fig. 18, the seal element 30 of this embodiment is 
formed as a separate element from the liner sleeve body portion 22, and is 
provided with a base member 34 that is positioned within the recessed 
portion 28 and is securely attached to the liner sleeve body portion 22 by 
appropriate bonding techniques that may include adhesive, heat seal. etc. 
The base member 34 is preferably parallel to the outer periphery of the liner 
sleeve body portion, however it will be understood that it is not limited to this 
orientation. The seal element 30 includes a radially outwardly pitched 
member 36 that extends from a proximal end of the base member 34 and is 
directed towards the proximal end 24 of the liner sleeve body portion 22 at 
an angle relative to the base portion 32. The seal element 30 also includes 
a radially inwardly pitched member 38 that connects to a proximal end of the 
outwardly pitched member 36. and is directed towards the proximal end 24 
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of the liner sleeve body portion 22 at an angle relative to the base member 
32. 

In Fig. 19, the liner sleeve body portion 22 is shown as being donned 
on a residual limb and the limb and liner sleeve body portion are inserted 
into a prosthetic hard socket 40. Preferably, the hard socket 40 includes a 
valve 7 located at a distal end area thereof that is of the type described 
above in the preceding embodiments of the present Invention. When 
inserted in the hard socket 40, the seal element 30 is compressed so as to 
lie at least partially within the recessed portion 28 and bridges a seal 
between the liner sleeve body portion 22 and the hard socket 40. In a 
compressed state, the angles at which the outwardly and inwardly pitched 
members 36, 38 of the seal element 30 extend relative to the base member 
32 are substantially less than when the liner sleeve body portion 22 is not 
inserted into the hard socket 40. 

It will be understood that when compressed, at least a portion of the 
seal element should radially distend at least a distance from the recessed 
portion to sufficiently bridge the seal between the liner sleeve body portion 
and a hard socket. 

As shown in Fig. 20, the recessed portion 28 may have a depth with a 
dimension generally corresponding at least to the thickness of the base 
member 34. Moreover, the length of the recessed portion may be 
configured so as to have a length that is less than the combined length of 
the base, outwardly and inwardly members so as to prevent the seal 
element from becoming completely flat when the sleeve liner is inserted into 
a hard socket. 

With reference to Figs. 21-35. alternative preferred forms of the seal 
element shown in Figs. 17-20 are illustrated. The alternative seal elements 
may be positioned within the recessed portion of the liner sleeve body 
portion or along the exterior of the liner sleeve body portion. 

As shown by example in Figs. 21-27. a seal element 42 may have 
radially pitched members having different lengths, thicknesses and widths, 
extending at different angles relative to the base member, or may be 
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connected to one another by a connecting member 44 generally parallel with 
the base member. Moreover, the inwardly pitched member may include at 
its proximal end an extension member 46 extending generally parallel with 
the base portion detached from the liner sleeve body portion, or in the 
alternative, may extend distally beyond the connection to the outwardly 
pitched member. When extending beyond the outwardly pitched member, 
such distal portion 48 of the inwardly pitched member may have a curved, 
straight, or a combination of curved and straight profiles. Similarly, the 
outwardly pitched member may also extend proximally beyond the 
connection to the inwardly pitched member and such proximal portion 50 
thereof may have a curved, straight, or a combination of curved and straight 
profiles. 

In another configuration of the seal element of the invention illustrated 
in Figs. 28-30, the radially outwardly and inwardly pitched members may be 
replaced by a curved member 52 that extends from the base member of the 
seal element. Said curved member may be defined as extending outwardly 
from the liner sleeve body portion to an apex and then extending inwardly 
towards the liner sleeve body portion a predetermined distance. The 
inwardly extending portion of the curved member may extend a distance 
from the apex short of the outer periphery of the liner sleeve body portion. 
Moreover, the curved member may include at its proximal end an extension 
member 54 that is detached from the liner sleeve body portion and 
substantially parallel with the base portion. 

In yet another configuration of the seal element of the invention 
illustrated in Figs. 31-35, the seal element may include a tapered segment 
56 that extends proximally from the base member and under an outwardly 
pitched member or curved member. Furthermore, in the event the inwardly 
pitched member or the proximal end of the curved member is connected to 
an extension member 46 extending proximally therefrom, the extension 
member 46 may also include a tapered portion 56 distally extending under 
an inwardly pitched member or curved member of the seal element. 
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It will be understood that the aforementioned embodiments of the 
present invention are not limited to the described combination of the liner 
sleeve body portion, seal element and hard socket. Instead, the features of 
one of the preferred embodiments of the present invention may readily be 
combined with those of another or other embodiments of the present 
invention without departing from the scope of the present invention. 

It will be readily understood that the described embodiments of the 
invention are exemplary only and various other features and details could be 
incorporated in the system described herein without departing from the spirit 
and scope of the invention as defined in the appended claims. 
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